We examined classrooms as complex systems that affect students' literacy learning through interacting effects of content and amount of time individual students spent in literacy instruction along with the global quality of the classroom-learning environment. We observed 27 third grade classrooms serving 315 target students using two different observation systems. The first assessed instruction at a more micro-level; specifically, the amount of time individual students spent in literacy instruction defined by the type of instruction, role of the teacher, and content. The second assessed the quality of the classroom-learning environment at a more macro level focusing on classroom organization, teacher responsiveness, and support for vocabulary and language. Results revealed that both global quality of the classroom learning environment and time individual students spent in specific types of literacy instruction covering specific content interacted to predict students' comprehension and vocabulary gains whereas neither system alone did. These findings support a dynamic systems model of how individual children learn in the context of classroom literacy instruction and the classroom-learning environment, which can help to improve observations systems, advance research, elevate teacher evaluation and professional development, and enhance student achievement. 
Reading comprehension and vocabulary have been identified as strong predictors of future academic success (NICHD, 2000) as well as of overall school and life outcomes (Beck, McKeown, & Kucan, 2002) . Yet, by the end of 4th grade only about 34% of U.S. students are reading and comprehending proficiently (National Center for Education Statistics, 2013) . Accumulating research points to the importance of classroom literacy instruction and the opportunities to learn that students receive in the early grades (Connor et al., 2013; NICHD, 2000; Pianta, Belsky, Houts, Morrison, & NICHD-ECCRN, 2007; Snow, 2001; Tuyay, Jennings, & Dixon, 1995) . Understanding the classroom learning environment is important and finding ways to elucidate the active ingredients of this environment that predict student outcomes are essential but challenging.
In this study, we used a dynamic systems framework (Yoshikawa & Hsueh, 2001) , which holds that there are multiple sources of influence on children's learning (Bronfenbrenner & Morris, 2006) including the instruction they receive, how this instruction is delivered (Connor, Piasta, et al., 2009; Reis, McCoach, Little, Muller, & Kaniskan, 2011) , the general climate of the classroom (Rimm-Kaufman, Paro, Downer, & Pianta, 2005) , teacher characteristics (Raver, Blair, & Li-Grining, 2011) , and students themselves (Connor & Morrison, 2012; Justice, Petscher, Schatschneider, & Mashburn, 2011) . Further, these sources of influence interact in different ways with some seemingly important factors (e.g., teacher education) having relatively small effects on students' reading development (Goldhaber & Anthony, 2003) and other factors (e.g., content and minutes of instruction) having large effects (Connor, Morrison, Schatschneider, et al., 2011) . High quality literacy instruction should provide students with individualized opportunities to learn that, in turn, influence their reading comprehension and language development (Beck et al., 2002; Beck, Perfetti, & McKeown, 1982; Connor et al., 2013; Snow, 2001) . Thus, there is an increasing policy and research focus on how to measure classroom instruction in ways that validly and robustly predict gains in students' literacy and vocabulary skills (see Crawford, Zucker, Williams, Bhavsar, & Landry, in press; Kane, Staiger, & McCaffrey, 2012; Ramey & Ramey, 2006; Reddy, Fabiano, Dudek, & Hsu, in press; Whitehurst et al., 1988) . The aim of this study is to systematically investigate the classroom learning environment as a dynamic system, identify major dimensions of classroom instruction --at both the individual student level and the global classroom level --that may influence students' literacy achievement and how these dimensions might work together synergistically to support (or fail to support) opportunities for learning that result in gains in third graders' vocabulary and reading comprehension.
Classroom Observation Systems
Teacher value-added scores have revealed that there is measurable variability in the effectiveness of teaching, which has direct implications for students' success or failure (Konstantopoulos & Chung, 2011) . However, value-added scores do not reveal what is going on in the classroom and the characteristics of the environment that explain the variability in teachers' value-added scores. The development of rigorous classroom observation systems that are reliable and have good predictive validity are important because they help to open up the black box of classroom instruction, so to speak, and begin to move us toward what has been described as "shared instructional regimes" (Raudenbush, 2009 ). Raudenbush describes historical and recent theories of teaching as "privatized idiosyncratic practice" (p. 172) whereby teachers close their classroom doors and teach in the ways they believe to be best and where the ideal teacher develops his or her own curriculum. The "idiosyncratic" practice of teachers who have a good grasp of the current research, who have expert and specialized knowledge of their content area, and who understand how to use research evidence to inform their practice can be highly effective. However, the privatized idiosyncratic practice of some teachers may be highly ineffective (Piasta, Connor, Fishman, & Morrison, 2009) , particularly for children from low SES families whose home learning environment and access to resources is limited and who are more reliant on the instruction they receive at school. Research-based observation tools allow us to illustrate what effective expert practice in the classroom actually looks like so that it can be shared among a community of professionals -both educators and researchersto improve teaching.
There are several well-documented observation systems in use with new systems being developed (Connor, 2013a) . These classroom observation systems provide important insights and most of them explain at least modest amounts of the variance in students' literacy learning. For example, Kane and colleagues (2012) tested several observation instruments, including the Framework for Teaching (FFT; Danielson, 2007) , CLASS (Pianta et al., 2008) , Protocol for Language Arts Teaching (PLATO, Grossman et al., 2010) , Mathematical Quality of Instruction (MQI; Hill, Ball, Bass, & Schilling, 2006) , and UTeach Teacher Observation Protocol (UTOP, 2009) . Results revealed that although none of the systems designed to assess English/Language Arts instruction correlated with teacher valueadded scores computed using state-mandated assessments of English/Language Arts, they were mildly to moderately positively correlated with teacher value-added scores computed using the SAT-9 reading assessment.
Classroom Observations in the Present Study
We used two different observation coding systems to test the dynamic systems model of instruction in the current study: the quality of the classroom learning environment (CLE) and ISI/Pathways-observation system (ISI/Pathways, Connor, Morrison, et al., 2009 ). The first was designed to capture the global quality of the CLE using a rubric that captured elements of the CLE that are generally predictive of student outcomes. The second, ISI/ Pathways, was designed to record the amount of time individual students spent in various types of literacy instruction; the content of this instruction; the role of the teacher; and the context (e.g., whole class, small group) in which instruction was provided. We conjectured, following the dynamic systems model, that classroom opportunities to learn would operate at both student and classroom levels and that the two systems together might better elucidate the complexities of the classroom and effective learning opportunities afforded to students than either system alone. We describe each below.
Quality of the Classroom Learning Environment Rating Scale-The CLE rating scale (see Appendix A) was designed to rate the classroom on three dimensions: Teacher Warmth, Responsiveness and Discipline; Classroom Organization; and Teacher Support for Vocabulary and Language Development -with one rating for each scale for the entire observation of the literacy block. Teacher warmth, responsiveness, and discipline were defined as teachers' regard for their students, the overall emotional climate of the classroom as well as the way in which they responded to students, particularly with regard to how they responded to student misbehavior and disruptions (Pianta, La Paro, Payne, Cox, & Bradley, 2002) . Examples of teacher warmth and responsiveness include being supportive of students, providing positive feedback, clearly communicating what is expected of students, and providing discipline in a positive and supportive way (Rimm-Kaufman et al., 2005) . The kinds of discussions and types of questions used, for example, coaching versus telling (Taylor & Pearson, 2002) , were measured indirectly through this dimension. Research has shown that students whose teachers were more warm and responsive achieved greater gains in reading skills, including vocabulary, by the end of first grade (Connor, Son, Hindman, & Morrison, 2005) .
Classroom organization is defined as the degree to which the teacher takes time to give students thorough directions for upcoming activities, has clear rules for behavior, and has established routines that optimize student learning time (Wharton-McDonald, Pressley, & Hampston, 1998) . When teachers have strong orienting and organizational skills, they are better able to create an efficient and productive CLE. It has been found that teachers who implement rules and effectively establish routines are less likely to have difficulties with classroom management (Borko & Niles, 1987; Cameron, Connor, Morrison, & Jewkes, 2008) .
According to Beck and colleagues (2002) , teacher support for vocabulary and language development should be "robust," meaning that instruction should include activities beyond those that encourage rote memorization of words and their definitions and, instead, involve rich contexts that extend beyond the classroom. Such support has the potential to improve language skills overall given that processes where vocabulary knowledge is highly utilized (e.g., during reading comprehension) require skills above and beyond knowing the definitions of words. Therefore, instructional techniques that take into consideration that vocabulary knowledge is part of students' background knowledge (Stahl, 1999) , rather than a singular component, are more likely to be effective. Such techniques encourage students to actively use and think about word meanings and create word associations in multiple contexts. Accumulating evidence further highlights the importance of supporting student language development because vocabulary (and oral language skills in general) are highly predictive of students' reading comprehension (Biemiller & Boote, 2006; Cain, Oakhill, & Lemmon, 2004) , and at the most basic level, allow students to understand grade-level texts. Yet, despite the known importance of vocabulary and language skills to later reading abilities and subsequent academic success, it has been shown that vocabulary instruction is often missing from language arts/literacy classrooms (see Cassidy & Cassidy, 2005 Rupley, Logan, & Nichols, 1998) .
The Individualizing Student Instruction/Pathways Classroom Observation System (ISI/Pathways)-The ISI/Pathways system (Connor, Morrison, et al., 2009) measures the amount of time (min;sec) individual students within a classroom spend in literacy instruction activities across three dimensions: content of instruction; context; and the role of the teacher and student in the learning activity. The content of instruction dimension (see Table 1 and Appendix B) captures the specific topic of the literacy instruction that individual students are receiving (e.g., comprehension, vocabulary, text reading). We also coded non-instructional activities, which included off-task or disruptive behaviors, transitions between activities, or time spent when the teacher was giving directions for upcoming activities. The context dimension captures the student grouping arrangement and includes whole class, small group, or individual instruction. Management captures who is controlling the students' attention during an activity: the teacher and student working together (teacher-child managed), peer-managed (students working with each other), or child-self managed (student managing his/her own attention). These dimensions operate simultaneously (see Table 1 ) to describe instructional and non-instructional activities observed during reading instruction. For example, the teacher and students discussing a book they just read together would be coded as comprehension (meaning-focused) teacher/ child-managed, whole class activity that lasted for 11 minutes.
A key characteristic of ISI/Pathways is that the measurement of instructional time and content is assessed for individual students in the classroom (Connor, Morrison, et al., 2009) . Hence, the system is able to capture the learning opportunities afforded to each student; for example, recording that Student A was reading with the teacher while, at the same time, Student B was off task and not redirected. A global classroom-level system would likely capture Student A's instructional opportunities but not Student B's. The more precise measure of each individual student's learning opportunities has been used to identify instructional practices as well as child characteristic X instruction interaction effects on students' reading achievement (Connor, Morrison, Fishman, et al., 2011; Connor, Morrison, Schatschneider, et al., 2011; Connor, Piasta, et al., 2009) . Across studies, amounts, content, context, and types of instruction measured by the ISI/Pathways Observation system predicted student literacy achievement (Connor, Morrison, et al., 2009) , particularly the difference between observed and recommended individualized types/content and amounts of instruction (Connor, Piasta, et al., 2009 ). The closer the observed amount matched the recommended amount, the greater the students' literacy gains were.
We posed the following research question:
How does combining measures of the duration of different types of literacy instruction and content for individual students with a more global measure of the CLE synergistically affect students' reading comprehension and vocabulary outcomes? Using our dynamic systems model of the classroom, we hypothesized that neither the quality of the CLE nor the amount of time individual students spent in different types/content of literacy instruction (ISI/ Pathways) would be strong independent predictors of vocabulary and comprehension outcomes for third grade students. Rather, we hypothesized that there would be interaction effects involving both systems that would significantly and positively predict third graders' language and comprehension gains. Such interaction effects would, hypothetically, better capture the complexity of classroom instruction and the learning environment.
Methods

Participants
The participants included third grade teachers (n=27, 13 in the individualized reading group and 14 in the vocabulary control group) and their students (n = 315) in 7 schools who were participating in a randomized controlled study evaluating the efficacy of individualized reading instruction from first through third grade (Connor, Morrison, Fishman, et al., 2011) . We selected third grade because comprehension of text becomes increasingly important (Gottardo, Stanovich, & Siegel, 1996; Reynolds, Magnuson, & Ou, 2010) as children move from learning to read to reading to learn (Chall, 1967) . The schools were located in an economically and ethnically diverse school system in north Florida.
Teachers-All teachers completed the study with the exception of three teachers who were not present during the last month of the study; however, results for these teachers and their students were used in the analysis because observations were completed before they left and all of their participating students were assessed. All of the teachers met the state certification requirements and had at least a bachelor's degree related to an educational field. Seven of the teachers had certifications or degrees beyond a bachelor's degree. Teachers' classroom teaching experience ranged from 0 to 30 years, with a mean of 10.9 years of experience.
Teachers in both conditions participated in half-day workshops in the fall and again in January for either literacy or vocabulary. They also participated in monthly meetings. Teachers in the reading intervention also received bi-weekly classroom-based support (not on the day observed). In total, teachers in the vocabulary condition received about 12 hours of professional development and teachers in the individualized reading intervention received between 18-20 hours (some needed more help with the technology). Professional development for the individualized reading intervention helped teachers learn how to individualize student instruction and how to be better organized. Professional development for the vocabulary intervention focused on vocabulary teaching methods described in Beck et al., (2002) . Results of this study revealed that students whose teachers were in the individualized reading intervention group demonstrated significantly greater gains in reading comprehension than did the students whose teachers were in the vocabulary intervention group. Results are fully described in Connor et al., 2011. Students-School-wide percentages of students qualifying for free and reduced lunch programs (FARL) ranged from 92% (high poverty) to 4% (affluent). All schools used the Open Court Reading Curriculum and had a 90-minute uninterrupted block of time devoted to reading instruction. All observations were conducted during this literacy block.
Student participant demographics were collected through parent reports and school records and were as follows: 36% of the students were white, 51% were African American/black, 3% were Hispanic, 3% were Asian/Asian-American, 3% were multiracial, and the remaining 4% indicated other ethnic groups. Forty-seven percent qualified for FARL. Approximately 12% qualified for special education services. A subset of students from each classroom was randomly selected to be the focus of observation coding using the following procedure: Because this was a first through third grade longitudinal study (Connor et al., 2013) , third graders who were in the first and second grade studies were automatically selected as target students. We then randomly selected from among their classmates to bring the total number of target students to a minimum of 8 per classroom after rank ordering and randomly selecting within terciles so that we had a distribution of reading skill level. This provided the final sample of 315 students. On average, there were 11 target students per classroom and this ranged from 6 to 19. Three classrooms had 6 target students; two had 7 students; all others had 8 or more target students. Comparisons of this sub-sample with the entire sample revealed no significant differences on any of the measures of interest.
Observation of Instruction and Classroom Learning Environment
Again, in this study we used two different observation systems -the ISI/Pathways system, which measured the amounts and types/content of instruction students received and the CLE quality rubric, which captured the quality of the classroom-learning environment. Both systems used the same videotaped classroom observations. Classrooms were videotaped three times, once during the fall, once in winter, and once in the early spring of the academic year. This video footage of the 90-minute block of time devoted to literacy instruction was captured using two digital camcorders with wide-angle lenses. Cameras were not focused on individual students per se. Rather, cameras were positioned at opposite sides of the classroom to capture as much of the class as possible. However, during small group instruction, one camera was focused on the teacher's small group while the second camera captured students working independently and the other small groups. While video-recording, trained research assistants kept detailed field notes regarding the activities and materials used, including careful descriptions of target students and activities of students who might be off camera (Bogdan & Biklen, 1998) . These notes were used in conjunction with video footage during coding and provided information for coders about students or activities that could not easily be seen on the videos. Observations were scheduled at the teachers' convenience so the assumption was that the instruction was of the highest quality the teacher could provide.
Quality of the Classroom Learning Environment-The quality of the CLE was assessed using a detailed rubric/rating scale (see Appendix A). The rating scale ranged from 1 (low) to 6 (high) and examined three global classroom-level dimensions -organization, support for vocabulary and language, and teacher responsiveness -with priority given to specific aspects of the CLE that were the focus of the professional development provided and that previous research has associated with more effective instruction (i.e., higher quality) (Brophy, 1979; Cameron, Connor, & Morrison, 2005; Pianta et al., 2002; Snow, Burns, & Griffin, 1998; Taylor, Pearson, Clark, & Walpole, 2000; Wharton-McDonald et al., 1998) . Trained research assistants coded all three videotaped observations using the CLE rubric. Highly trained research assistants who were blind to the teachers' treatment assignment coded the video footage. Sufficient inter-rater reliability on fall observations, based on Landis and Koch (1977) criteria, was reached prior to coding the winter observation (Cohen's Kappa = 0.73). Approximately 10% of coded winter and spring footage was randomly selected and re-coded, and inter-rater reliability was maintained (Cohen's Kappa = 0.73). The winter observation CLE score was used in this study because teaching tends to be more consistent during the winter months (Hamre, Pianta, Downer, & Mashburn, 2007) than in the earlier months, when routines are getting established and teachers are just getting to know their students. Two teachers' scores were based on the spring observation because a student teacher, and not the primary teacher, was teaching during the winter observation. Because scores on the three scales were moderately correlated (r = .59-.60) and combining the 3 scores improved internal reliability, the scores were summed to provide a total CLE score.
ISI/Pathways Observation System-As noted previously, the ISI/Pathways system was designed to document instruction across three dimensions: (1) the content of the literacy instruction (e.g., comprehension, oral language); (2) the context (i.e., small group, individual or whole class); (3) the extent to which the teacher was interacting with students (management) which included teacher/child-managed instruction (teacher and students working together) or child-managed instruction (students working with each other or independently) (Connor, Morrison, et al., 2009) . Using Noldus Observer Video-Pro software (XT version 8.0), instructional activities observed during the 90-minute literacy block, which lasted 15 seconds or longer, were coded for each target student. Non-instructional practices (including transitions) were also coded. An excerpt from the ISI/Pathways Coding Manual is presented in Appendix B.
Trained research assistants coded each of the videos using the Noldus Observer XT software. The training process was extensive, typically lasting 4-6 weeks until coders achieved adequate inter-rater reliability (Cohen's Kappa > 0.7) with a master coder. Questions about coding were discussed at bi-weekly coding meetings until consensus was achieved. Random selection and analysis of approximately 10% of the videos revealed good ongoing inter-rater reliability among the coders (mean Cohen's Kappa = 0.72; Landis & Koch, 1977) . The lengths of videos varied slightly depending on the season. Fall mean observation length was 85 minutes (standard deviation [SD] = 30), 73 minutes in the winter (SD = 35), and 79 minutes in the spring (SD = 23).
The observation system provided a detailed description of over 200 instructional variables. For this study, we separated type of instruction into code-focused and meaning-focused instruction (see Table 1 ). Code-focused instruction consisted of five distinct types: phonological awareness, morpheme awareness, word decoding, word encoding, and fluency. Meaning-focused instruction consisted of six distinct types: print and text concepts, oral language and oral vocabulary, print vocabulary, listening and reading comprehension, text reading, and writing. These distinctions were made using our theoretical framework that the largely unconscious and more automatic processes involved in reading, including subsentence processes (e.g., morphological awareness), and those that supported fluency (i.e., automaticity) were considered code-focused, whereas more reflective and text-level processes were meaning-focused (Connor, 2013b) . The case can be made that morphological awareness should be considered a meaning-focused activity (Carlisle, 2000) . Unfortunately, too little morphological awareness instruction was observed to test this alternative. For each student, the time (in seconds) spent in particular types of instruction (e.g., teacher/childmanaged small group meaning-focused) were computed for fall, winter, and spring and then aggregated by taking the mean amount for each student.
Student Assessments
Trained research assistants assessed students' language and literacy skills in the fall and again in the spring. Two measures of comprehension and two of vocabulary were utilized in this study. Comprehension was assessed using the Woodcock-Johnson-III Passage Comprehension subtest (WJ-III, Woodcock, McGrew, & Mather, 2001 ) and level 3 GatesMacGinitie Reading Tests (GMRTs; MacGinitie & MacGinitie, 2006) Reading Comprehension subtest. Vocabulary was assessed using the WJ-III Picture Vocabulary subtest and the GMRT Reading Vocabulary subtest. Alternate versions of the assessments were administered in the fall and spring. Scores were provided to teachers and parents.
The WJ-III Passage Comprehension uses a cloze procedure where students read a sentence or short passage and supply the missing word. The Picture Vocabulary task asks students to name increasingly unfamiliar pictures. These subtests are administered individually and have demonstrated alpha reliability estimates of .88 for passage comprehension and .81 for picture vocabulary. W scores were used in the analyses because they are on an equal-interval scale, similar to the Rasch score (Rasch, 2001 ).
In the GMRT Reading Comprehension assessment, students read passages of varying length and complexity based on excerpts from narrative and expository texts commonly used in schools. Students are then are asked to answer multiple choice questions, including some that require fairly high-level inferencing. As the student progresses through the test, the text becomes more difficult and the questions demand more inferencing. The GMRT multiplechoice vocabulary assessment requires students to read and then choose the correct meaning of an underlined word within a short phrase from four possible answers. Alternate form reliability for the GMRT has been reported to range from .74 to .92, and test-re-test reliability has been reported as ranging from .88 to .92. Extended scale scores were used for data analyses, which have an equal interval scale.
Analytic Strategies
Structural Equation Modeling-We used structural equation modeling to examine the constructs of language and comprehension, and we hypothesized that the language and literacy measures would comprise one latent variable (e.g., Mehta, Foorman, BranumMartin, & Taylor, 2005) , keeping in mind that the GMRT vocabulary assessment required the students to read. As anticipated, the four measures were correlated (see Table 2 ). We used confirmatory factor analyses (AMOS version 21) to compare one-and two-factor models (Kline, 1998) . We provide results for the spring models in detail. Results were highly similar for the fall models. The two-factor model, (comprehension and vocabulary) provided only moderately acceptable fit (TLI = .939; CFI = .994; RMSEA = .110; AIC = 32.401), whereas the one factor model provided a superior fit (TLI = .969; CFI = .994; RMSEA = .079; AIC = 31.525). We created fall and spring factor scores using Principal Component Factor Analysis, which explained 72.8% of the variance in the fall scores and 71.3% of the variance in the spring scores. Loadings are provided in Table 2 . The factor variable, Vocabulary/Comprehension (VocComp; z-score with a mean of 0 and an SD of 1), was used in the analyses. Such factor or latent variable scores have the advantage of reducing measurement error and better capturing the complex construct of interest (Keenan, Betjemann, & Olson, 2008; Kline, 1998; Mehta et al., 2005; Vellutino, Tunmer, Jaccard, Chen, & Scanlon, 2004 ).
Hierarchical Linear Modeling-Due to the nested structure of the data, students nested within classrooms and schools, hierarchical linear modeling (HLM, Raudenbush & Bryk, 2002) was used to answer our research question. HLM analyses accounted for shared variance within classrooms and schools, resulting in more accurate effect sizes and noninflated standard errors (Raudenbush & Byrk, 2002) . Model specification occurred in several steps. Initially, an unconditional model was created. Variance at the classroom level was divided by total variance (the summation of student-and classroom-level variance) to obtain the intra-class correlations (ICCs). ICC values represent the proportion of variance falling between classrooms. A three-level model with students nested within classrooms and classrooms nested within schools was created. This model indicated no significant betweenschool variance. Therefore, a simpler two-level model with the spring VocComp factor score as the outcome (Yij) was created. Starting with the unconditional model, we first created a model with only the ISI/Pathways variables entered at the student level. Next, we created a model with only CLE quality entered at the classroom level; we then created a combined model and tested for cross level interaction effects (ISI/Pathways [student] X CLE quality [classroom] . We also tested for students' fall VocComp score X instruction interactions (models are available upon request).
Results
Students in this sample entered third grade with vocabulary skills generally in line with grade level expectations based on standard scores (M=100, SD= 15), and percentile ranks (M=50), which control for age. For example, their fall mean WJ Picture Vocabulary score was 98.92 and their spring mean score was 99.21 (see Table 2 ), suggesting grade/age appropriate gains from fall to spring, on average. Based on GMRT results, students were achieving slightly above grade expectations for both reading comprehension and reading vocabulary with percentiles in the fall of 51.81 and 55.04, respectively, and spring scores of 52.07 and 59.84, respectively. Only on the WJ Passage Comprehension measure did students generally score below test expectations with standard scores of 94.75 in the fall and 95.96 in the spring. Notably, students' standard scores and percentile ranks were the same or higher in the spring compared to fall, suggesting generally grade-appropriate gains in reading and vocabulary.
Overall, we observed high quality but variable CLE in these third grade classrooms with total scores ranging from 5 to 17 where a perfect score was 18 (M = 12.58, SD = 3.14). When considering the individual scales, teachers generally scored highest on the Orienting/ Planning scale (M = 4.73, SD = 1.09) and lowest on the Support for Language scale (M = 3.66, SD = 1.21). They were rated a mean of 4.30 (SD = 1.34) on the Responsiveness/ Discipline scale.
An examination of the kinds of literacy activities that occurred during reading comprehension and vocabulary instruction using the ISI/Pathways observation system revealed variability in overall amounts and types of instruction (see Table 3 , Figure 1 , and Appendix C). Beginning first with oral language and print vocabulary instruction, on average, students received about two minutes per day of small-group teacher/child-managed instruction and about three minutes per day of small-group child-managed instruction. Of this time, most was spent using vocabulary (Vocabulary Use, see Appendix B) and defining words with many of the child-managed activities using workbooks. See Figure 1 for graphs showing the amounts per day (seconds) of the various types of vocabulary activities observed. Examining teacher/child-managed small-group instruction in listening and reading comprehension revealed that students spent approximately four minutes per day in these activities with most of the time spent with the teacher asking questions and students responding (2.2 minutes). Generally, more than seven minutes per day were spent in wholeclass teacher/child-managed vocabulary and reading comprehension activities with most of that time spent in question and answer time (3.1 minutes). In all cases, the ranges were large with some students receiving little vocabulary and comprehension instruction and some receiving much more.
Using these data, we created eight different variables of amounts and types/content of instruction (see Tables 1 and 3 ) that capture the entire duration of meaningful instruction that occurred during the literacy block: teacher/child-managed whole-class meaning-focused instruction; teacher/child-managed small-group meaning-focused instruction; teacher/childmanaged whole-class code-focused instruction; teacher/child-managed small-group codefocused instruction; child/peer-managed whole-class meaning-focused; child/peer-managed small-group meaning-focused; child/peer-managed whole-class code-focused; and child/ peer-managed small-group code-focused instruction. To create these variables, the data were first exported from Observer Pro and then cleaned and examined in SPSS (version 20). Because there were multiple tapes that were coded for one observation, these were aggregated for each student by summing the seconds for each activity within a type of instruction (e.g., comprehension, print vocabulary) providing a total amount of instruction for each student.
The amounts of each type of instruction were then combined based on our theory of reading instruction (Connor, Morrison, & Katch, 2004; Connor, Morrison, & Petrella, 2004) . Meaning-focused instruction was comprised of all instructional activities that might be expected to explicitly support students' language and comprehension skill gains including text reading, writing, oral language, listening and reading comprehension, vocabulary, and other meaning-focused types of instruction (see Table 1 ). There were also activities that might be expected to support language and comprehension more implicitly through instruction in how to decode unfamiliar words and building automaticity, which might be considered more code-focused types of instruction. Descriptive statistics for each type of instruction are provided in Table 3 . Of note, most of the time was spent in teacher/childmanaged whole class meaning-focused instruction (12.6 minutes per day) followed by teacher/child-managed small-group meaning-focused (9.32 minutes per day). Children spent about 11 minutes per day working with peers or individually on meaning-focused activities. Less time was spent in code-focused activities, about 6 minutes per day compared to a total of about 19 minutes in meaning-focused activities.
How does combining measures of the duration of different types of instruction and content for individual students with a more global measure of the CLE synergistically affect students' reading comprehension and vocabulary outcomes?
As noted in the methods, we ran three different models with the spring VocComp score as the outcome and controlling for fall VocComp scores. The ICC for the unconditional model, which is the between-classroom variance explained, was .24, indicating that approximately 24% of the differences in scores among students were related to the classroom to which they were assigned.
Main Effects of Classroom Learning Environment and Amounts, Types, and Content of Instruction on Students' Vocabulary and Reading Comprehension Outcomes
We then examined the effect of the CLE score on students' spring VocComp score. There was a trend that CLE predicted students' spring outcomes (p = .064). A one-point increase in CLE quality score was associated with about a .02 increase in the VocComp spring score (d = .044, which is negligible). The model explained about 81% of the variability in children's scores compared to the unconditional model.
Next, we removed the CLE quality score from the model and added all eight of the student amount/type/content of instruction time. Results revealed that none of the instruction duration variables predicted students' scores. The model explained approximately 80% of the variance in student scores compared to the unconditional model.
Classroom Learning Environment Quality X Duration/Type/Content Interactions
We then added the CLE quality score to the model and tested all of the CLE quality X time/ type/content of instruction interactions (see Table 4 ). We trimmed three variables (i.e., teacher/child-managed code-focused small-group and whole-class instruction, and childmanaged small-group code-focused instruction) and the interactions that did not significantly predict student outcomes. We also tested for student fall VocComp X instruction interaction effects. None significantly predicted spring VocComp outcomes (e.g., fall VocComp X CLE quality interaction effect coefficient = −.008, p = .400) and so were trimmed from the model. This model explained about 81.3% of the variability in students' scores.
Our models revealed a number of global CLE quality X individual student-level instruction amount/content interactions that significantly predicted students' outcomes (see Table 4 and Figure 2 ) regardless of students' fall VocComp z-score. Specifically, for teacher/childmanaged small-group and whole-class meaning-focused instruction, when provided by teachers who were judged to be providing a higher quality CLE, the effect for students who spent more time in meaning-focused instruction was much greater, minute for minute, than the same amount of instruction provided by teachers who were judged to be providing a CLE of lesser quality. The effect was substantial. For example, a student who received 18 minutes of teacher/child-managed small-group meaning-focused instruction and whose teachers received a CLE score of 17 (75 th percentile of the sample) would achieve scores that were .43 z-score points (M = 0, SD = 1) higher than a student who received the same amount of instruction but whose teachers received a rating of 13 (25 th percentile of the sample), with an effect size (d) of .43. The difference for teacher/child-managed whole-class meaning-focused instruction was smaller, .19 z-score points (d = .19) or about half of the small-group effect size.
Discussion
Overall, the teachers in this study provided generally high quality classroom learning environments, but there was substantial variability with two teachers providing CLEs that were judged to be very low -a 6 or worse (out of 18); they received no more than a 1, 2 or 3 on all three scales. At the same time, six teachers had almost perfect scores of 15, having received 5s and 6s on all three scales. There was similar variability in the amount of time third graders spent in teacher/child-managed meaning-focused instruction both within and between classrooms. Neither CLE quality nor the amount-content-type of instruction (ISI/ Pathways) individual students received independently predicted students' vocabulary and comprehension gains. Instead, the two systems synergistically captured the complexity of classroom instruction at the individual student level and the more global classroom level. Teachers judged to provide a high quality CLE but whose students received very little teacher/child-managed meaning-focused instruction (e.g., less than 1 minute, see Figure 2 ), were no more effective than those judged to provide a low quality CLE. As students spent more time in teacher/child-managed meaning-focused small-group and whole-class instruction, differences in low versus high quality CLE effects became larger. Moreover, because students who shared a classroom experienced different amounts of small-group teacher/child-managed meaning focused instruction, using both systems helped to explain within-classroom differences in students' outcomes, which classroom-level systems obscure.
Students showed the greatest gains in vocabulary and comprehension when their teachers provided a high quality CLE and they spent greater amounts of time (e.g., 25-35 min, see Figure 2 ) in teacher/child-managed meaning-focused instruction, particularly when this instruction was provided in small groups. Teacher/child-managed small-group meaningfocused instruction was more than twice as effective as whole-class instruction. When we tested students' fall score X instruction interactions, none significantly predicted spring outcomes. This indicates that results were similar for students regardless of fall vocabulary and comprehension scores.
Another consideration is that for this sample of students, teachers, and classrooms, student characteristic X instruction time-type-content effects on students' literacy gains were documented (Connor, Morrison, Fishman, et al., 2011) . Specifically, using the ISI/Pathways system, the smaller the difference between the observed amount of a particular type-content of instruction and the recommended amount for a particular student based on his or her assessed vocabulary and literacy skills (i.e., distance from recommendation), the greater were his or her reading comprehension skill gains.
These findings support a complex systems model of how individual children learn in the context of classroom literacy instruction and, in combination with other studies (Connor, Morrison, Fishman, et al., 2011) , extend our understanding of classroom instruction and learning environments as dynamic systems with interacting effects (Yoshikawa & Hsueh, 2001 ). This indicates that we will be more likely to identify key aspects of complex teaching and classroom-learning environments by using multiple frameworks and considering potential interactions among sources of influence at both the more micro student level as well as the more global classroom level. Thus a student in a classroom-learning environment that is generally judged to be of high quality may not show achievement gains because the student is not receiving appropriate amounts of the particular types and content of instruction that would support his or her achievement. Indeed, students in this study who were judged to be in high quality CLE were no more likely to participate in substantial amounts of teacher/child-managed meaning-focused instruction than were students in low quality CLE. As one reviewer noted, "These are the well-organized, "nice" classrooms that [some] principals and parents love, even though the environment while pleasant is not particularly effective." Such interaction effects may help to explain equivocal findings when only one system of observation is utilized and individual student differences are not considered. For example, in the Kane et al. study, (2012) , one reason that the assessments of CLE might not have predicted language arts outcomes was because, even in classrooms with teachers judged to be of high quality, students might not have received adequate amounts of specific types of content instruction tailored to their learning needs. None of the observation systems used in the Kane study considered time in content and type of literacy instruction at the student level or student characteristic X instruction interaction effects. At the same time, systems that consider a single time point in certain types-content of literacy instruction and that do not consider quality or child X instruction interactions may not be generally highly predictive either because more time spent in low quality unaligned instruction is unlikely to positively predict student achievement.
On average, students spent about only five minutes per day engaged in oral language and vocabulary instruction, which by any standard, is a minimal amount of time. This implies that there was very little time for explicit instruction or other types of vocabulary instruction (e.g., discussing or clarifying words) to take place. These findings are in line with previous research, which has demonstrated that in many elementary school classrooms, there is a very limited focus on vocabulary instruction (Biemiller, 2001; Durkin, 1979; Scott & Nagy, 1997) . Robust vocabulary instruction (Beck et al., 2002) requires teachers to allot sufficient amounts of time that can be used for explaining, providing examples, and elaborating on vocabulary knowledge in order to promote greater understanding. Five minutes per day of vocabulary instruction seems hardly adequate.
A closer look at the types of comprehension instruction provided (see Appendix C), revealed that teachers used over 20 different kinds of teacher/child-managed whole class comprehension instructional activities (see Table C .1) and fewer (about 18) kinds of activities in small groups (Table C. 2) to build comprehension. The most salient types observed involving the whole class were questioning (3.1 min), highlighting/identifying (about 1 min) and schema building (about 45 sec) (see Appendix B). In teacher/childmanaged small-group instruction, again, the most salient activity observed was questioning (1.6 min) followed by compare and contrast (13 seconds) and the use of graphic organizers (8 sec). In both whole class and small group contexts, amounts varied widely (see Table C. 1). For example, questioning ranged from 0 to 22 min and use of graphic organizers ranged from 0 to 16 min.
In general, the comprehension instruction observed was aligned with the findings of the National Reading Panel report (NICHD, 2000) with a focus on strategies (compare and contrast; highlighting; graphic organizers) but little support for more complex understanding of text, which is now required by the Common Core State Standards. We consider questioning among the most basic tools the teacher might use to build reading for understanding (Cazden, 1988) . In contrast, very little time was spent on higher-level inferencing in either whole class (about 15 seconds summing across types for whole class) or small group (about 12 seconds). Research shows that inferencing is associated with successful comprehension (Cain et al., 2004; Cromley & Azevedo, 2007) and is a core principal of the Common Core State Standards (Common Core State Standards Initiative, 2010).
One aspect of the study that deserves further investigation is whether dimensions of the CLE might be better predictors when coded at the level of the individual student. It is conceivable that Student A and Student C might be participating in the same amount of time in appropriate learning opportunities but that the teacher is interacting with Student C in ways that are more responsive than with Student A. Hence, one might hypothesize that Student C will demonstrate stronger achievement than will Student A. Measuring CLE and instruction at the level of the individual student is time consuming but may be worth the effort when trying to understand learning and development in classrooms. Another consideration is that dimensions of the CLE quality measure captured the social and emotional climate of the classroom as well as the learning environment. It may be that, particularly for children from low-income families, this more nurturing aspect of the classroom environment is providing a safe-haven that facilitates learning albeit indirectly. There is evidence of this effect in preschool, kindergarten, and first grade classrooms (Hamre & Pianta, 2005; Rimm-Kaufman et al., 2005) as well as for older children (Reyes, Brackett, Rivers, White, & Salovey, 2012) .
Limitations
There are limitations to this study that should be considered when interpreting these results. First, all participating teachers received professional development. This study was conducted in the context of a randomized controlled trial where there was a significant effect of the individualized reading compared to the vocabulary intervention (Connor, Morrison, Fishman, et al., 2011) . Although there were no differences between conditions on the quality of the CLE, students who were in classrooms where teachers learned to individualize instruction were more likely to participate in teacher/child-managed small-group meaningfocused instruction that was individualized to their learning needs (Connor, Morrison, Fishman, et al., 2011) . The randomized control trial may have influenced the results presented here, and it is possible that our results may not generalize to classrooms in which teachers do not receive professional development. It might also explain why there were no significant student fall VocComp score X instruction interaction effects on spring outcomes. In another sample, such interaction effects might influence achievement. Additionally, the three observations were scheduled at the teachers' convenience, so we most likely observed higher quality instruction than might have been observed otherwise. Use of more frequent observations would have improved reliability (Rowan & Correnti, 2009 ) but were not feasible within the funding and time constraints of this study.
Practical Implications
This study provides insight into the amounts, content, and types of instruction in which individual students participate and qualitative aspects of the classroom-learning environment that appear to be more effective for improving students' literacy and language outcomes. Teacher/child-managed meaning-focused but not teacher/child-managed code-focused instruction predicted third-graders' vocabulary and comprehension achievement. This might not be unexpected inasmuch as explicit instruction in the target outcome tends to be a better predictor than more implicit or indirect instruction (Connor, Morrison, & Katch, 2004; Connor, Morrison, & Petrella, 2004; Connor, Morrison, & Slominski, 2006) , and the outcomes were specifically meaning-focused. Small-group instruction was twice as effective as whole-class, perhaps because the teacher was better able to tailor instruction to meet the learning needs of students when interacting with smaller numbers of students. Additionally, he or she was likely to be more responsive, which the extant literature has established as important for student learning (Mashburn et al., 2008) . This responsiveness was a key dimension of the CLE rubric. Perhaps, the most important finding was that type, amount, and content of instruction individual students received and the quality of the classroom learning environment matter -Students should learn best when provided enough time in explicit instruction from the teacher that is interactive, responsive, organized, and focused on providing targeted language and literacy content in ways that facilitate language and vocabulary learning.
Classroom observation systems represent an important move toward policy that promises to make a true difference in what is defined as high quality and effective teaching, what it looks like in the classroom, and how these practices can be more widely disseminated so that all students, including the most vulnerable, can experience effective instruction and academic gains. One challenge will be designing systems that can be used validly and reliably by school professionals (Crawford et al., in press; Reddy et al., in press) who have varying levels of expertise and knowledge about literacy development. By better understanding the affordances of teaching and the classroom-learning environment that contribute to individual student's language and literacy development, we can design more effective instructional regimens, identify effective standards of practice, discover better ways to measure effective teaching, and develop targeted professional development for teachers and educational leaders that will ensure that all children have the opportunity to learn.
The ISI Classroom Learning Environment Scale (excerpts -the full scale is available upon request) 
Rating 3 Indicators
Rating 3 Indicators
Transitions are of reasonable length but not consistently efficient (not all children).
There is an observable, but not always efficient or working system (e.g., center chart, daily schedule) in place for organizing students into groups. The teacher may use a daily lesson plan (e.g., group activity planner print-out). Teacher introduces too many new Tier 1 words per story/text and not enough Tier 2 words. Provides explicit or systematic vocabulary instruction (not both). Occasionally extends meanings. Occasionally provides opportunities for students to engage in oral language and practice key vocabulary. Teacher monitors students' vocabulary and comprehension, but rarely provides feedback. Teacher inconsistently redirects in respectful ways and inconsistently emphasizes student change in behavior through praise. Teacher talk is inconsistently encouraging and respectful and inconsistently connects students' personal experiences to lesson content. Inconsistently communicates clearly what students did correctly or how they can improve. Students inconsistently treat each other with respect.
Rating 6 Indicators
Rating 6 Indicators
The classroom is well organized and instruction is well organized. Classroom routine is evident. Transitions are efficient. Word knowledge is an ongoing part of the instructional day.
Teacher's selection of words demonstrates knowledge of the words' utility and relation to previously known words and relevance for text being taught. Students are encouraged to make connections between words/meaning they are already familiar with and new words/ meanings. Much of the instruction is provided in small groups. Teacher is the authority figure in the class but is never punitive. Classroom consistently offers a positive learning environment with clear expectations for students' behavior as a member of the learning community. Effectively selects and incorporates students' responses, ideas, examples, and experiences into the lesson.
Appendix B Listening and Reading Comprehension Excerpts from the ISI/Pathways
Coding Manual (full manual available upon request)
Comprehension should be coded for activities intended to increase students' comprehension of written or oral text. This includes instruction and practice in using comprehension strategies and demonstration of comprehension abilities. Comprehension activities generally follow or are incorporated into reading or listening of connected text (e.g., silent sustained reading followed by a comprehension worksheet, comprehension strategy instruction using a particular example of connected text, an interactive teacher read aloud during which the teacher models various comprehension strategies).
Schema and Concept Building (Modifier)
Listening and Reading Comprehension>Schema Building should be coded for activities which involve the teacher clarifying a concept and building background knowledge. For example, the teacher tells the students about the middle ages while reading a fairy tale. Discussions about specific words should be coded as Print Vocabulary>Class Discussion.
Predicting (Modifier)
Predicting should be coded for activities which involve predicting future events or information not yet presented based on information already conveyed by the text (e.g., making predictions from foreshadowing). Predicting occurs while reading a story and involves specific details or events, as opposed to Comprehension>Previewing, which involves a general prediction of what the text will be about.
Inferencing -Within-Texts (Modifier)
Inferencing-Within-Texts should be coded for activities that involve making inferences within a text based on information that has not been explicitly stated in the text, but is inferred from information already conveyed in the text. An example of this would be if the students were reading a story about a boy who lost his dog and the teacher asks the students, "How do you think the boy felt when he finally found his dog at the end of the story?"
Inferencing -Background Knowledge (Modifier)
Inferencing-Background Knowledge should be coded for activities that involve making inferences within a text based on information that has not been explicitly stated in the text but is based on activating student's background knowledge to make connections between their own knowledge/experiences and information presented in the text to make inferences about the story. An example of this would be if the teacher is reading a story about a boy who loses his dog and the teacher says, "Have any of you ever lost a pet? How did it make you feel? How do you think the boy in the story feels?" ** The difference between Inferencing-Background Knowledge vs. Prior Knowledge is that the teacher must explicitly ask the students to make an inference by activating background knowledge. Appendix C Amounts (sec/day) of TCM small group vocabulary instruction by type. (Carlisle, 2000) and fluency (Therrien, 2004) might also be considered meaning-focused activities. In our theory of literacy instruction, code-focused activities represent the more automatic processes whereas meaning-focused activities require the integration of the more automatic processes with active construction of meaning of connected text. Hence, code-focused activities are more likely to directly affect aspects of reading related to skill whereas meaning-focused activities are more likely to directly contribute to aspects of comprehension and reading for understanding. Note. TCM = teacher/child-managed; CM = child-managed; SG = small group; WC = whole class; CF = code-focused instruction; MF = meaningfocused instruction. Note. CM = Child Managed, TCM = Teacher/child-managed, SG = small group; WC = whole class, MF = Meaning-focused; CF = Code-focused instruction; SD = standard deviation.
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